Summary: A new method is reported for the quantitative determination of glucuronic and galacturonic acid, which is based on the spectrophotometric measurement of NADH. The NAD-linked oxidation of the uronic acids to the corresponding dicarboxylic acids is measured in the presence of uronic acid dehydrogenase. This enzyme was isolated fromPseudomonas syringae. The test is highly specific for glucuronic and galacturonic acid and permits the exact determination of free and conjugated glucuronic acid. This enzymatic determination of glucuronic acid is the most sensitive method available today.
Introduction
Methods as yet available for the determination of glucuronic acid are based on the carbazole reaction ofDische (1) . Various modifications of this colour reaction with higher sensitivity were summarized by Marsh (2) . These tests have certain disadvantages; they are not specific, and they are subject to interference by various compounds, they are also time-consuming, and they do not differentiate between free and conjugated glucuronic acid. A less sensitive method using gas chromatography was described by Inoue (3) . Until now, a specific enzymatic method for glucuronic acid determination was lacking.
This paper describes a new method for the quantitative detenranation of glucuronic and galacturonic acid which is based on the NAEf-linked enzymatic oxidation of these uronic acids to the corresponding dicarboxylic acids with the stoichiometric formation of NADH: glucuronic acid glucaric acid NAPH uronic acid dehydrogenise galacturonic acid mucic acid
The uronic acid dehydrogenase was discovered in the phytopathojgenic bacterium Pseudomonas syringae (4) and purified and characterized (5,6> The values obtained are identical for both urpnic acids. In the presence of both uronic acids the galacturonic acid content can be determined according to Nagel (7) and subtracted from the total content determined by the uronic acid dehydrogenase test. The main interest of this study was the development of a sensititve glucuronic acid assay for samples containing only free and/or conjugated glucuronic acid.
Materials and Methods
i)-glucuronic acid grade I (Sigma, St. Louis, Missouri, USA) and -galacturonic acid (Serva, Heidelberg, FRG) may contain an unknown amount of water. Before use as standards they were dried to constant weight at 50°C under vacuum in a rotation evaporator. Phenolphthalein-/J-jD-glucuronide sodium salt, and p-nitrophenyl^-jD-glucuronide (Serva), testosterone-0-.D-glucuronide sodium salt, chromatographically pure was obtained from C Funke, Düsseldorf, NAD* grade I, and 0-glucuronidase from E. coli K 12 (0-Z>-Glucuronide glucuionosohydrolase EC 3. ; and the sample to be determined containing 2 to 95 μηιοΐ/ΐ glucuronic acid. The reaction is started by the addition of 0.1 ml uronic acid dehydrogenase solution (about 2.5 U) and run at 25°C for 30 min. Absorbance is read at 334 nm against a reagent blank in an Eppendorf photometer (Hamburg, FRG). Glucuronic acid is determined with the aid of a standard curve from the difference between the absorbances at the beginning and end of the incubation. /3-glucuronidase cleavage For cleavage, the reaction mixture of 1 ml, which consists of 50 mmol/1 Na-K-phosphate buffer, pH 7.0, jfrglucuronidase (about 2.5 U) and the sample with a maximal giucuronide concentration of 0.5 mmol/1 is incubated for 30 min at 37°C
Combined cleavage and determination The test, volume 1.1 ml, consists of 75 mmol/1 sodium diphosphate-HCl-buffer, pH 8.0, 0.9 mmol/1 NAD", about 2.'5 U of uronic acid dehydrogenase and the sample with up to 60 μπιοΐ/ΐ glucuronide. Absorbance 1 is measured at 334 nm against a blank without glucuronide. The reaction is started with 0-glucuronidase (about 2.5 U) and incubated at 25°C. Absorbance 2 is read after 30 min.
Determination of coloured aglycons
After cleavage, the sample is diluted with 0.5 mol/1 glycineNaOH-buffer, pH 10.5. Phenolphthalein is measured at 546 nm (e = 29 6001/mol · cm), p-nitrophenol at 405 nm (e = 18 500 1/mol · cm).
Results and discussion
In the enzymatic method for glucuronic acid, the NADH absorbance is proportional to the glucuronic acid concentration according to Lambert-Beer's law, in the range 0.5 to 20 μg glucuronic acid per test, with a deviation less than 3%. The gjucuronic acid content should be estimated from a standard curve, because the theoretical value calculated from NADH absorbance is about 10% higher. 
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Each test should contain excess of NAD*", because uronic acid dehydrogenase is competitively inhibited by NADH (6) . Since only free uronic acid is attacked by uronic acid dehydrogenase, /J-glucuronides must be hydrolyzed by jS-glucurpnidase treatment before determination:
Glucuronide ester j3-glucuronidase alcohol + glucuronic acid lactone
The resulting lactone is spontaneously transformed to glucuronic acid at the alkaline pH of the optical test.
The enzymatic test was used for the determination of glucuronic acid inp-nitrophenyl glucuronide, phenolphthalein ghicurpriide and testosterone glucuronide. After cleavage p-riitrophenol and phenolphthaleiri were determined photometrically, a comparison between the aglycon and glucuronic acid showed for both compounds tested a deviation of less than 3%. This method permits the quantitative estimation of aglycons that are difficult to determine, e. g. in steroid glucuronides, by determination of their glucurpnic acid content. The method can be simplified for/3-glucuronides whose aglycons do not absorb at 334 nm under test conditions. In this case cleavage and determination can be coupled, thus yielding a quicker method of higher precision.
The described enzymatic method permits the quantitative and highly specific determination of glucuronic acid. This simple and rapid method is the most sensitive available today. In contrast to former methods, the present test permits the separate determination of free and conjugated glucuronic acid, by performing the determination before and after cleavage. The use of this method in metabolic studies will be the subject of further investigation.
